We aimed to determine the effects of nulliparity, maternal age, and pre-pregnancy body mass index (BMI, kg / m 2 ) on the development of pregnancy induced hypertension (PIH) in Japanese women, including gestational hypertension (GH) and preeclampsia (PE). Methods: Data on 138,530 women with singleton pregnancies who were registered with the Japan Society of Obstetrics and Gynecology and gave birth at ≥ 22 weeks of gestation during the three years from 2007 and 2009 were analyzed. Results: PIH was diagnosed in 6,578 (4.7%) women, including 3,326 (2.4%) with GH and 3,252 (2.3%) with PE. PIH was more frequent in nulliparous than multiparous women (relative risk [95% confidence interval], 1.30 [1.24 to 1.37]) and increased linearly with advancing maternal age after 35 years and also with increasing pre-pregnancy BMI. PIH also varied greatly among 24 groups stratified according to 4 maternal age categories and 6 pre-pregnancy BMI categories, with the lowest frequency (2.7%) among lean (BMI < 18.5) women 20-34 years of age and the highest frequency (21.7%) among obese (BMI ≥ 30) women ≥ 40 years of age. Conclusions: Our findings provide useful information for counseling Japanese women about the risk of PIH at the beginning of pregnancy.
Introduction
According to the "Guidelines for obstetrical practice in Japan 2011", 1) the conditions pregnant women must meet for a midwife-manage care system include a maternal age < 35 years and a pre-pregnancy body mass index (BMI, body weight [kg]/body height [m 2 ]) of 18.5 to 25.0. Both advanced maternal age ( > 35 years) and increased BMI are widely recognized risk factors for pregnancy induced hypertension (PIH), including preeclampsia (PE) and gestational hypertension (GH), in various ethnic groups. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] However, the magnitudes of these two factors for risk of PIH have not been extensively studied among pregnant Japanese women. Defining the exact risk may prove to be important at the beginning of pregnancy. Accordingly, we conducted a retrospective study using a relatively large number of women with singleton pregnancies who participated in a registry system established by the Japan Society of Obstetrics and Gynecology (JSOG) to predict the risk of PIH according to maternal age, pre-pregnancy BMI, and the presence or absence of previous childbirths.
Methods
This study was approved by the Ethics Committee of Hokkaido University Hospital. Approximately 120 secondary and tertiary hospitals participated in the JSOG Successive Pregnancy Birth Registry System, which collected information on successive deliveries that occurred at ≥ 22 weeks of gestation. Available information included maternal age, parity, gestational week at delivery, body height, pre-pregnancy body weight, body weight at delivery, delivery mode, sex of infant, birth weight, and maternal complications such as PIH, including GH and PE. Diagnoses were assumed to be based on criteria revised by the JSOG in 2005, 21) in which women who exhibit a systolic blood pressure ≥ 140 mmHg and/or a diastolic blood pressure ≥ 90 mmHg for the first time at ≥ 20 weeks of gestation in the presence or absence of significant proteinuria ( ≥ 0.3 g/ day) are diagnosed with PE or GH, respectively.
A total of 192,254 women with singleton pregnancies were registered in the system over a three-year period from 2007 to 2009, corresponding to approximately 6.0% of all singleton pregnancies that occurred in Japan during this period. Of these women, 138,530 were analyzed in this study after excluding 53,724 (27.9%) with unknown age, parity, body height, pre-pregnancy body weight, gestational week at delivery, birth weight of infant, and/or sex of infant. Among the women excluded from analysis, 5,499 (10.2%) were registered as having PIH, including 3,637 women with GH and 1,862 women with PE. We determined the prevalence of GH and PE according to maternal age and pre-pregnancy BMI. The effect of nulliparity on the prevalence of PIH was also determined. Results of analyses regarding associations between maternal age, pre-pregnancy BMI, and occurrence of hyperglycemia in pregnancy were previously reported. 22) Statistical analyses were performed using the statistical software package StatView 5.0 for Macintosh (SAS Institute Inc., Cary, NC, USA) and IBM SPSS Statics 18.0 (SPSS Inc., Chicago, IL, USA). Fisher's exact test was used to compare frequencies. P < 0.05 was considered statistically significant.
Results
Of the 138,530 women studied, 3,326 (2.4%) and 3,252 (2.3%) were registered as having GH and PE, respectively ( Table 1) . A significantly greater number of women with GH and PE were nulliparous and had higher BMIs pre-pregnancy and at delivery, compared to the 131,952 women who served as the control group. As expected, pregnancy outcomes, such as rates of preterm and cesarean deliveries and a low Apgar score ( < 8) at 5 minutes, were significantly better among the control group than among women with GH or PE. (Figure 1 ) or pre-pregnancy BMI ( Figure 2 ) was seen in nulliparous women compared to multiparous women, except for frequency of PE among women < 20 years of age ( Figure  1 , right).
Effect of nulliparity on development of PIH, including GH and PE

Effect of maternal age on the development of GH and PE
For the association between frequency of GH/PE and maternal age, a U-shaped curve was seen across age categories. The lowest frequencies in women 20-24 years of age for GH and 25-29 years of age for PE 
Effect of pre-pregnancy BMI on the development of GH and PE
The frequency of GH / PE increased linearly with increasing pre-pregnancy BMI ( Figure 2 ). Among women with a BMI < 23.0, the frequency of GH was significantly higher for nulliparous women than for multiparous women. The frequency of PE was consistently higher for nulliparous women than for multiparous women, except those with a BMI ≥ 30. The effect of nulliparity on risk of PIH therefore disappeared in women with a higher BMI.
Effects of maternal age and pre-pregnancy BMI on the development of PIH
The actual frequency of PIH could be useful when counseling women anxious about its development at the beginning of pregnancy. Among 24 groups stratified by four maternal age categories and six pre-pregnancy BMI categories, the frequency of PIH varied greatly. The lowest frequency, 2.7%, was observed among women 20-34 years of age with a pre-pregnancy BMI < 18.5; the highest frequency, 21.7%, was observed among women ≥ 40 years of age with a BMI ≥ 30 ( Table 2 and Figure  3 ). Those 20-34 years of age with a pre-pregnancy BMI < 18.5 had a RR (95% CI) of 0.87 (0.79 to 0.97), and those ≥ 40 years of age with a BMI ≥ 30 had a RR of 6.96 (5.61 to 8.62), compared to the largest group of women 20-34 years of age with a BMI of 18.5-20.9 ( Table 2 ). 
Gestational hypertension Preeclampsia
Risk of PIH increased gradually with advancing maternal age and increasing pre-pregnancy BMI in all groups except for women < 20 years of age, where risk increased abruptly among those with a BMI ≥ 30 ( Figure 3 ).
Association between weekly maternal weight gain and the development of PIH
PE is likely to be accompanied with excessive water retention in the third trimester, resulting in edema formation. Indeed, weekly maternal weight gain was exclusively and significantly greater in women with PE 
Pregnancy induced hypertension
than in either control women or women with GH, except for those with preterm deliveries at 22-28 weeks of gestation (Table 3 ).
Discussion
The present study confirmed that nulliparity, an advanced maternal age ≥ 35 years, and increased pre-pregnancy BMI were risk factors for PIH among pregnant Japanese women. The frequency of GH and PE according to maternal age and pre-pregnancy BMI was consistently higher among nulliparous than multiparous women, except for the frequency of PE among women < 20 years of age (Figure 1 right) . This result may have occurred by chance due to the small number of study subjects at this age; the total number of multiparous teenagers was 179, accounting for only 10.5% of the 1,701 teenagers studied. PE occurred in 5 (2.8%) of those 179 teenagers. An increase by one woman affected with PE thus increased the frequency by 0.56% in this small population of study subjects. Although the unadjusted RR (95% CI) of 1.40 (1.30 to 1.50) for PE among nulliparous women in the present study was lower than the 2.91 (1.28 to 6.61) reported by a systematic literature review of controlled studies mainly performed in the western world, 4) the reason for this difference is unclear.
The frequency of PIH varied according to maternal age, showing relatively low frequencies among women 20-34 years of age in the present study. Although similar reports used different age categories, they all showed effects in the same direction: maternal age ≥ 35 years was a risk factor for PE, yielding an odds ratio (OR) (95% CI) of 1.8 (1.4-2.4) in Taiwanese women 2) ; PIH occurred in 2.7% of women 20-29 years of age and 19.8% of women ≥ 45 years of age in Israel 3) ; and the unadjusted RR (95% CI) of PE was 1.96 (1.34 to 2.87) for multiparous women ≥ 40 years of age in a systematic literature review of controlled studies. 4) A maternal age ≥ 35 years is thus an apparent risk factor for PIH. Although a young maternal age ( < 20 years) appeared to be a risk factor for PIH in the present study (Figures 1 and 3) , it did not seem to affect risk of PE regardless of the cut-off age used in another study. 4) The high frequency of PIH may have reflected the large fraction of nulliparous women, accounting for 89.5% of all 1,701 women < 20 years of age.
The frequency of PIH increased linearly with increasing pre-pregnancy BMI in the present study, consistent with results from many studies focusing on the association between pre-pregnancy BMI and the development of PE or PIH. 2,5 -19) For example, the ORs (95% CI) for PIH were 0.26 (0.06 to 1.09), 1.0 (reference), and 8.13 (3.78 to 17.49) among 633 Japanese women with pre-pregnancy BMIs < 18.5, 18.5-25, and > 25, respectively 5) ; the ORs (95% CI) for PE were 0.62 (0.56 to 0.70), 1.0 (reference), 1.67 (1.61 to 1.74), 2.60 (2.47 to 2.73), and 3.73 (3.52 to 3.95) among 369,347 Danish women with BMIs < 18. 5, 18.5-24, 25-29, 30-34, and > 35, respectively, 6) ; the ORs (95% CI) for GH and PE were 0.56 (0.43 to 0.72) and 0.53 (0.37 to 0.74), respectively, for women with a low BMI < 19.8, and 2.13 (1.84 to 1.46) and 1.54 (1.26 to 1.90), respectively, for women with a high BMI > 26.0 among 29,268 US women 7) ; and PE occurred in 3.2%, 7.4%, 9.1%, 10.5%, and 13.0% of 854,085 US women with a BMI < 30.0, 30.0-34.9, 35.0-39.9, 40.0-49.9, and ≥ 50, respectively. 8) PIH or PE therefore increases with increasing pre-pregnancy BMI, irrespective of ethnicity.
A limitation of our study was that less than 5.0% of all singleton pregnancies that occurred in Japan during the study period were included. Since almost all institutions that participated in the JSOG Successive Pregnancy Birth Registry System were secondary or tertiary hospitals, the fraction of high-risk women, especially with respect to preterm delivery, may have been larger than for the general population. Preterm births at < 37 weeks occurred in 17,760 (12.8%) of the 138,530 women in this study, far exceeding the actual incidence of 5.7% to Weekly maternal weight gain was calculated as follows: net weight gain (kg) during pregnancy (maternal body weight at delivery minus pre-pregnancy body weight) divided by (gestational week at delivery minus two). Number of study subjects is shown in parentheses. ‡ and *, P < 0.01 and P < 0.001 vs. preeclampsia, respectively.
5.8% during the study period in Japan. 23) Because PIH also is a common serious complication, some may think that the frequency of PIH (4.7%) in the present study may have been larger than that among the general population. However, because 5,499 (10.2%) of 53,724 women who were excluded from the present analysis had PIH, the actual prevalence among all 192,254 women was 6.3% (12,077/192,254) . The frequency of PIH thus may have been lower than 6.3% among the general population.
In conclusion, we confirmed the following points based on an analysis of 138,530 Japanese women who gave birth to singleton infants over a three-year period: the risk of PIH increased by 30% among nulliparous women compared to multiparous women; the risk of PIH increased linearly with advancing maternal age ≥ 35 years; the risk of PIH increased linearly with increasing pre-pregnancy BMI; and the actual risk of PIH varied greatly among 24 groups stratified according to maternal age and pre-pregnancy BMI, with the lowest frequency of 2.7% observed among lean (BMI < 18.5) women 20-34 years of age and the highest frequency of 21.7% observed among obese (BMI ≥ 30) women ≥ 40 years of age. These figures would be useful for counseling women on the risk of developing PIH at the beginning of pregnancy.
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